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determined by EM and the time-averaged regurgitant orifice areas demon-
strated excellent correlations (r = 0.84 and 0.88, respectively. Maximal CD AR
orifice areas by FC using low AV overestimated reference orifice areas, but
at high AV, FC predicted the reference areas more reliably (0.20 ± 0.12 cm2
vs 0.18 ± 0.12 cm2 by EM). Our study demonstrated little dynamic change
in AR orifice size and suggests that when high AV are used, FC estimation
of effective AR orifice size is poss·,ble.
The objectives of the present experimental study were to develop a sim-
plified algorithm for quantifying the velocity function for minimally restric-
tive orifices by using Doppler color flow imaging. An animal model of mitral
stenosis was created by replacing the native mitral valve with glutaraldehyde-
preserved 26 mm porcine aortic valves in 11 sheep. 20 to 34 weeks after the
surgery the bioprosthetic valves had become stenotic with orifice areas (A)
0.81 ± 0.25 (mean ± SO) cm2 /m2 by pressure half time (PHT) and 0.97 ±
0.32 cm2/m2 by modified Gorlin (G) formula. At fOllow-up catheterization,
high fidelity LA and LV pressures were available for 20 stable hemodynamic
states. Epicardial Doppler color flow mapping was performed with a Toshiba
SSH 160A system. The lowest (30 ± 7.6 cm/sec) and highest (50 ± 10.7
cm/sec) aliasing velocities that clearly displayed the red to blue alias and the
corresponding axial distances from the alias to the center of the orifice were
used to generate the velocity function V = a*D(-b). For each condition, both
coefficient "a" and exponent "b" could be determined from only two veloc-
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Late-diastolic mitral leaflet pre-closure occurs in patients with both natu-
ral and prosthetic mitral valves. Controversy still exists whether a fall-off of
inflow-ventricularflow gradient or whether intraventricular flow patterns gov-
ern this event. Recent studies have suggested a variety of possible mech-
anisms responsible for diastolic mitral valve closure. One theory suggests
a proportionality between the dynamics of closure of a bileaflet mitral valve
with the pressure field induced by a strong flow deceleration through the
valve. Another proposes that the impact of a reversed flow, generated by
the roll-up of the initial vortex ring, is responsible for valve closure. To eval-
uate the impact of vortex rings in trans-mitral left ventricular filling flows in
a physiologically shaped, in-vitro model, we studied a precisely delivered
pulsed flow through an orifice with the same dimensional characteristics as
the mitral annulus, and with a fully opening bileaflet mechanical valve. We
used laser-induced fluorescence (L1F) for qualitative flow imaging and ap-
plied digital particle image velocimetry (DPIV) for quantitating velocity, vor-
ticity and circulation measurements. A concave "cardiac apex" shape was
located seven orifice diameters downstream to simulate the flow confine-
ment of the ventricular apex. L1F flow imaging for flow through the orifice
depicted, first, formation of a primary vortex structure on each side of the
inlet immediately downstream of the orifice. The images then revealed for-
mation of a secondary vortex occurring during and after the impact of the
initial rings on the apex. The secondary vortices rotated in the opposite di-
rection from the initial rings and DPIV showed that they included 37% of
the initial vortex ring's circulation energy. It was clear from our study that
it was these secondary structures that propagated back toward the valve.
It would appear that formation of the reflected vortex rings makes a major
contribution to end-diastolic mitral valve closure before the systolic pressure
completes valve closure.
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Quantitative Evaluation of Aortic Regurgitant Stroke
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The proximal flow convergence (Fe) method has been used for quantification
of regurgitation flows. Since high resolution flow images can often delineate
color flow signals passing through the regurgitant orifice itself. the purpose
of the present study was to demonstrate whether regurgitant stroke volumes
(RSV) could be estimated using the imaged vena contracta (VC) of FC (i.e. the
short proximal laminar portion of the regurgitant jet). In 6 sheep (3 in which
a right coronary cusp and 3 in which non coronary cusp had been surgically
trimmed to produce chronic aortic regurgitation IAR]) 21 hemodynamically
different steady states were obtained pharmacologically 20 weeks after re-
covery from surgery. From magnified high resolution images the diameter of
the VC of the flow imaged at 7.5 mHz was measured as the smallest flow
diameter in any part of the flow acceleration field (Figure). The velocity time
integral (VTI) of AR obtained by color Doppler guided continuous wave (CW)
Dopplerwas also recorded. Regurgitant stroke volume(RSV)were calculated
by the formula: RSV = 1f (VC/2l2 x VTI. Reference RSV was determined us-
ing pulmonary and aortic electromagnetic flow probes and meters balanced
against each other. Reference RSV varied from 7.0 - 28 mlibeat (15 ± 8.0
mlibeatl. regurgitant fraction from 0.20 to 0.59 (0.41 ± 0.59). RSVestimated
by vena contracta imaging on echocardiography correlated and agreed well
with the EM RSVs (y = 1.45 x -6.30. r = 0.96, SEE = 3.6 mlibeat, p =
0.0001). Our study indicates that a method for identifying and measuring
the vena contracta of the FC region, when combined with CW velocities,
can be used for quantifying AR stroke volume.
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Our aim was to determine dynamic changes in aortic regurgitant IAR) orifice
size using calibrated electromagnetic flow meters (EM) and color Doppler
(CD) flow convergence (FC) methods. In 6 sheep AR was surgically induced
by right or "non coronary" leaflet edge resection, and after 20 weeks recov-
ery, a total of 21 hemodynamic steady states were obtained pharmacolog-
ically. Instantaneous regurgitant flow rates were obtained with aortic and
pulmonary EM flow meters balanced against each other and instantaneous
AR orifice areas were determined by dividing flows by the corresponding CW
velocities (over 25--40 points in a diastole) (Figure). Echo studies were per-
formed to obtain maximal aliasing distances of FC, in ranges of aliasing ve-
locities (AV) 0.20 - 0.32 m/sec and 0.56 -0.72 m/sec; and the corresponding
maximal FC AR flow rates were calculated using the hemispherical assump-
tion and were divided by the maximal CW Doppler velocities. Maximal and
time averaged AR orifice areas during diastole obtained by EM ranged from
0.06 to 0.33 cm and from 0.05 to 0.30 cm2, respectively. AR orifice sizes ob-
tained using EM showed little change during diastole (Figure). Regression
analysis between the regurgitant volume and mean regurgitant flow rates
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